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The U. S. Air Force, through a contractual effort by Argonne National Laboratory, 
Is developing a computerized Air Quality Assessment Model (AQAM) to» better 
analyze the environmental Impact of alrbase operations. While most emphasis 
Is placed on improving the accuracy of treating aircraft operations, nearly any 
municipal or industrial emission source can be analyzed. Emission calculations 
are performed within the model so that only detailed source activity Information 
must be Input. Ambient air quality can be predicted for hourly, daily, monthly, 
or annual averaging times of up to ten pollutants. This report describes the gen- 
eral capabilities and structure of the AQAM. 

Contributed hy the Aerospace Dlvinlon of the American Society of Mechanical Eagin 
for prcHent^ttan At tlie Inlorsociely Conference on Enviruiirnentnl Syelcinn, .Seattle, 
Wasliinglon, July M-Aiigust I, 19T4. Mauuecript receWcil at ASME Headquarter« 
April 29, 1971. , 

Copies will b« available until April 1. 1975. 

^'^b^-^W^^K^W^m0^7^0 6NQ,NECTIN0 CENTE«. 34S EAST 479\ STWeET. Htm YOflK, M.V. mtf , " 
■1 i' fiikir \iihf\irffa'^'^i'ifi'i^^^<>i^rt'J^MBfeAi'inf 

■\.:.^^^.^-^:^,-^.^^^:^,^.^^^.y^.-^  :...:... ^.^^■üi-i^.üiÜeUfciK; :-Csj.':-i^:.- .":.-.i; ■:...', „-LZ: ... . 



j, kfcl4* ^Äi« «rt^.v; * to w.' rw Mit ****mmmmimmmm*m^^ 

Development of an Air Force Air Quality 

Assessment Model (AQAM) 

D. F. NAUGLE 

INTRODUCTION 

The primary objective of the U. E. Air 

Force Air Quality ABDeBEment Model (AQAM) 1B to 

predict ground level ambient air quality pollutant 
concentrationB which reeult from emiselon eourceE 

both within and surrounding Air Force baBee. 

Special emphaBlE has been given to the accurate 
description and dieperBlon of aircraft emißßions. 

However, nearly any urban point, line, or area 
source can be treated. This model can be applied 

to at least four different functions: 

1 Environmental Impact aBseBBmentß 
2 Comparieon of predicted concentrationB 

to state and federal air quality 
BtandardB 

3 Prioritizing the Bignlficance of emiB- 
sion sources 

U    Evaluating potential pollution design 
criteria for the engineering of control 
devices. 

The AQAM le being developed for the Air 
Force by Argonne National laboratory (I).1    It 
incorporates many featureo from previous urban 
dispersion models.    Annual pollution levels can 
be predicted using stability wind frequency diB- 
tributionß as applied in the widely used Air 
Quality Display Model  (2).    Short-term dispersion 
(1- to 2^-hr time averaging) uses the double 
GausBian equatlone as presented in a diBperBlon 
workbook by D. Bruce Turner (2).    Average urban 
emission densities can be either directly input 
or calculated from the average categories as 
used in the Northern Research and Engineering 
Corporation Airport Model   (J£).    Automotive emls- 
rlons are calculated by using segments of the 
Argonne National Laboratory Transportation Model 
(^).   All line sources,  including aircraft, use 

1    Underlined numbers in parenthesis desig- 
nate References at end of paper. 
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AIRCRAFT 

f. FIXED WING 

2. HELICOPTER 

Table 1    EmiBalon Sources for Air Quality AnalvslB 

GROUND MUIIII.C 

I. AGE 

A. GENERATORS (2 TYPES) 

B. HEATERS 

C. COOLERS 

0. ENGINE STARTERS 

E. HYDRAULIC TEST STANDS 

F. LIGHT CARDS 

G. COMPRESSORS 

H. TURBINE AGE EQUIPMENT 

|. OTHER 

2. LICHT ÜUTY VEHICLES 

MILITARY 

3. LIGHT DUTY VEHICLES 
CIVILIAN 

4. TRUCKS 

5. OFF ROAD VEHICLES 

FACILITIES 

1. POWER PLANTS 

2. INCINERATORS (PATHOLOGICAL) 

3. INCINERATORS (WOOD & PAPER) 

4. AIRCRAFT  FUELING FACILITIES, 

5. CAR & TRUCK FUELING FACILITY, 

6. TANK TRUCK LOADING UNLOADING. 

7. DISTRIBUTION TANK 

8. STORAGE  TANKS 

9. HEATING PLANTS 
A. AIRMEN DORMITORY 
B. BOO 

C. FAMILY HOUSING 

!0. TEST CELLS 

11. RUN UP STANDS 

12. INDUSTRIAL FACILITIES 

13. TRAINING  FIRES 

the Argonne  Line Source Model  (6). 
Unique features of the A QAM Include vary 

detailed alforltliotB to accurately describe air- 
craft opcratlonB.    Aircraft emlBßlons are not 
grouped Into generalized categories  (e.g., air- 
craft vrtth over 400,000 lb gross weight).    In- 
stead, engine mission factors, aircraft landing 
and take-off ivroS cycle times,  runway roll 
distances,  take-off profiles, and approach pro- 
files are all treated specifically for the 
particular aircraft types of Interest.    Also, 
atmospheric conditions are treated In more de- 
tail by the AQAM than by previous long-term 
dispersion models. 

GENERAL DESCRIPTION OP MODEL 

The AQAM presently has four functional 
elements as presented in Fig. 1.    The Source 
Inventory Program accepts operational Input data 
and computes the true annual mean emissions for 
each source.    ThiB output alone Is very useful 
and may be adequate for many environmental Impact 
assessmetts without any further dispersion analy- 
sis.    When dispersion calculations are needed, 
this true annual mean emission Is adjusted to the 

actual monthly, weekly, and dally time period 
emlsBlon rate for use In the Short-Tem or Long- 
Term Dispersion Model. 

Operational Input to the Source Inventory 
Program Is broken Into three categories as shown 
In fig.  1.    AIRCRAFT DATA Includes all emissions 
directly related to operations of the aircraft. 
Aircraft taxi,  landings,  take-offs,   fuel venting, 
and ground support equipment are examples.    AIR- 
BASE DATA Includes all emiselon sources within 
the confines of the airbaoe which are In the 
aircraft operations category.    Examples are Jet 
engine test cells, power plants, heating plants, 
military Industrial operations, vehicular opera- 
tions, and space heating of buildings.    ENVIRONS 
are defined as all emission sources outside the 
airbase.    Examples are municipal power plants, 
civilian Industry,  and civilian vehicles. 

The Short-Term Dispersion Program calculates 
air quality by using hour by hour meteorological 
Input data.    Computations can be averaged for 
time periods up to 24 hr.    This allows direct 
comparisons to federal ambient air quality 
standards (which may be specified for a 1-. 3-, 
8-, or 24-hr averaging basis, depending on the 
pollutant type). 

^.■■r^^-\**.V:  -^K.-^* .^.in^Ä^ÄC;^^ .-.■■,.:vv.;.^  ■;■■; •.-■^ i'i'" ■■- 
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Table 2    Source Inventory Output for Aircraft 

T   3a     AIRCRAFT - ANNUAL EMISSIONS  (METRI': TONS/YKAR) 

OPTR«TI:N 
STA^TU5 

TAXI   OUT 
IVCl'iZ  CH:C< 
Rl/MHAY   »XL 
CLIfH   ! 
CLI'll   ? 

AP^"?3ar,H » 
UNO INI. 
rayi   IN 
SHUTOOHM 
«RP   ♦   OC»   SV 
FUtL   VfNTING 
FILL   ♦   >'ILL 
T3UC'1   ♦   53 

T3TAL 

MAN^NT 

C3 
•■,6 'tlfgi 

;o:»ci 
<7i»f i e. I«J 

7.0- 

I.D: 
1.2- 
1.3. 
*. 6f 
?. I- 
7. 2 i 

b£»C2 
J:*L2 

'/J»-2 

ö:»CI 

7. 5r5>:02 

1.35 
2.lit 
5.9? 
9.i>7 
B.-'f 
l.-!l 
2,uC 
2.o7 
J.^C 
2.>»3 
7.J7 
1.16 
1.19 
2.55 
1. Id 

HC 
5 : ♦ -3 2 

7tl»13 
7 £ ♦ C 'J 

51» J 1 
3£.»Cl 
(J£*t 1 
■JitOl 
3 -: O 2 
5itC0 
Jt^.2 
5: »0 2 
i.: ♦) 2 
1 -• ♦.».■> 

NOX 
2.C13c»Cl 
3.öiöC»ai 
5.518L+CC 
7,51^*^1 
t.2'«2t + '5C 
1.69cfc*01 
9.97Ctt0C 
6.692Lt]C 

3.C7CL»']! 
l.OOol^OC 
2.'»73£»:t 
5. 
0. 
6.976tOl 

PM 
ltl39E*e2 
2.16:£tJ2 
t.322E*31 
1.2l.i»3i 
l.ij7i*^i 
3.13.£*il 
6.53-JE»Jl 
3.73tL»il 
i,7lh,-*Jl 
1.7 3öl»J2 
5.39oi*0C 
I.I9I;*JI 
c. 
c. 
l.JA2£*02 

SOX 
i.5l9L*«ia 
2.»ö2tO0 
4.087t-Ji 
9.b77E-0l 
e.t^'.t-wl 

i.iaet«i)ii 
ü.aiit-«; 

2.Jl7^t),J 
7.59VL-32 

c* 
c« 
5.»39c*00 

fc.3n3i»C3       l.-.ne03       2,099e»Q2       9.J32t»32       l.«6«L*Ül 

Table 3   Source Inventory Siunmry Output 

SUMMARY OF ANNUAL EMISSIONS  (METRIC TONS/YEAR) 

np-RAtm 

AIPCMFT 
GROUND MTJIL 
FACILITIES 
ENVHOHJ 

CRAN1   T0T4L 

03 

T.Tj6i*C3 
?.5t7-«03 
5.6i9£*r.: 

2.6C3i*C3 
3.99r£*32 
1.H63E«-C2 
J • 

NOX 

'..39bc*'J2 
3.U9bL*02 
3.0<»1E*J2 
C. 

PM 

1.7<ili«03 
2.7lit*:i 
1.7Jöt*J2 
C. 

SOX 

3.69».t*ai 
1.JbJttOl 

c • 

l.i:5i»t<.        3.U9EfC3       1,093E*03       l.)79i*33       5.385i»01 

OPIRATDS 

«I^CRAFT 
CROUNO   M3i!IL 
FACILITIiS 
ENVnON'i 

03 

e3,397 
31.99i» 

5,3C5 
o.oco 

PERCENT   OF  EMISSION.;   FkOrt   ALL   SOURCtS 

H: NOX pn sox 

«2.'>5t» 
12.i93 

I«.«>53 
C. 303 

<*:.23e 
31.976 
27.91t 

O.JQC 

9-.301 
1.37(ji 
d.oJii 
0.030 

6ö.b37 
2b,m 

o.ooc 

The Lonf-Term Dleperelon Program utilize» 
extensive cllmatologloal data from the Meteoro- 
logical Data Program and emlsElons from the 
Source Inventory Program to produce monthly, 
eeaeonal, or annual average ambient conccntra- 
tlcne. Averages can also be performed for one 
of several dally time periods (e.g., annual 
average air quality for the time period 0600 to 
0900 can be calculated). Analysis can be done 
for all pollutants, but Is especially Important 
for oxides of Nitrogen which presently only have 
an annual ambient air quality standard. 

The Meteorological Data Program produces 
a meteorological data tape (for input to the 
lone-Term Dispersion Program). Tht data tape 

consists of specialised cliroatologieal data 
categorised by diurnal time periods on a monthly 
and annual basis. This is a unique feature of 
AQ1M which is presently undergoing a value 
analysis. 

SOURCE INVENTORY PROGRAM 

Manually calculating a total emission in* 
ventory can be a tedious procedure. This is 
particularly true for aircraft which have highly 
variable engine emission characteristics and many 
engine modes throughout the landing and take-off 
cycle. This Source Inventory Program was, there- 
fore, designed to contain data banks of euission 
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Information,    Total emlBBlons are then calculated 
when given only eource activity Information from 
a field Burvey.    Jet engine test cell emlsslonB, 
for example,  can be calculated by knowing only 
the type of aircraft engines teoted and the 
operating times in each engine mode. 

The Holland  (J) and Careon-HoBeB  (8) plume 
rise relationshlpa are programmed into the com- 
puter code for optional usage.    Either can be 
ueed with Input information of stack height, 
stack exit temperature, gas exit velocity, stack 
diameter, and building height. 

Examples of typical emiBSion sources on an 
Air Force Base are shown in Table 1.    Alrcra/t 
are given an area source geometry at the parking 
ramp, and line geometries for taxi, take-off, 
climb-out, approach, and landing.    Coordinates 
of all area and line sources must be Input. 
Aerospace Ground Equipment (AOE) are considered 
area sources while vehicles can have either a 
line or area source geometry.    Fbcllities can be 
treated as having point, line, or area source 
emlEsion geometries.    Also, any sources not 
epeciflcally programmed can be added without 
computer code changes by the use of NAMEUST 
input statements. 

Sample source inventory computer outputs 
for aircraft is presented in Table 2.    Similar 
outputs are generated for each aircraft type and 
for totals of all aircraft.    All components re- 
lated to the aircraft LTO cycle are listed 
separately so that the effects of any pollution 
control strategieB can be readily analyzed. 
Similar types of summary charts are also auto- 
matically printed for all AIRBASE and ENVIRON 
emission sources. 

Computer output summary tables of all pre- 
vious source calculations are shown in Table 3. 
Total annual^jtmlsslons are given for up to ten 
polliitaeitB of interest.    The percent of each 

^ecTurce category toward the total is also calcu- 
lated. 

SHOHT-TERM DISPERSION PROGRAM 

TO* Short-Term DlBpersf.on Program is used 
to predict air quality concentrations resulting 
from specifically input  neteorological conditions. 
Diese predictions are important when assessing 
the Impact of sources releasing acutely toxic 
substances, such as carbon monoxide, or when 
compering predicted results with limited ambient 
air quality measurements. 

The first task of this program is to read 
in the Source Inventory tape containing the cal- 
culated true annual mean emissions for each 
source,    JJiese annual mean emissions are than 
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Fig. 2   Example of activity pattern information 

adjusted to the specific time period of Interest. 
For example, most military aircraft have decreaaed 
flying activities during weekends and after dark- 
ness.    Inaccuracies would result from simply 
dividing the true annual emissions by the total 
number of hours per year to get an hourly emis- 
sion rate.    Activity patterns as graphically 
shown in Fig, 2 are,  therefore,  input into the 
Short-Term Program and emissions are automatically 
calculated for the particular month, day, and 
hour of interest.    By programming activity pat- 
ternc, which are usually available from past 
records, the logistical problem of recalculating 
total emissions for each time f«riod is avoided. 
Without activity patterns, emissions rates would 
have to be broadly categorized (e.g., eroissionc 
per weekday).    This would minimize calculatlone 
but also Introduce inaccuracies. 

The next task of the Sho^t-Term Program is 
to process the hourly Input of specific meteoro- 
logical conditions.    Atmospheric stabilities (£), 
wind speed, wind direction, temperature, and 
mixing depth are input and can be chahged on in 
hourly basis. 
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DieperBlon oalculatloni can now be done 
sine« the specific source emlBBlon and dispersion 
oondltlona are known. Computations are done for 
each of several thousand possible sources, and 
the results are summed at each of 300 possible 
receptors. Ambient concentrations at each re- 
ceptor are calculated for three categories — 
AIRCRAFT, AIRBASE, and ENVIRONS — so that pol- 
lution contributions foi; each category can be 
identified. 

Hie final task of the Short-Term Program 
la to output the data In a usable format. Re- 
sults can be printed hourly or averaged over 
3-, 8-, or 24-hr periods. 'A example of the 
tabular output In shown ih Table k.    Similar 

tablea are produced for AIRCRAFT, AIRBASE, 
ENVIRONS, and TOTAL. Results can also be plotted 
for graphical presentation. 

LONO-TERM mSFKRSION PROGRAM 

The Long-Term Program performs many more 
calculations than the Short-Term Program, Cal- 
culations to determine the contribution of each 
source to the many receptors must be dona sep- 
arately for 16 wind directions, six wind speed 
classes, and five atmospheric stability condi- 
tions. Well over 1 billion computations can be 
required. These are all In addition to the dst* 
storage, data conversion, summation routines, 
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and other "bookkeeping" proceduree to produce the 
output In a meaningful  format,    A tentra.' Memory 
Unit Core Storage capacity of 300,000.  60-blt 
worde on the CDC 6600 computer are typlrally 
used, 

Several user options can be utilized In 
the Long-Term Program BO that adequate analyeeB 
can be performed but unnececsary computatlone 
are avoided«    The elmpleet case Is to request 
only the arithmetic annual mean concentrations 
for the total 2l+-hr period within each day.    If 
more specific predictions are desired,  they can 
be made separately for each month of the year. 
Diurnal patterns can also be readily analyzed by 
making monthly predictions, in any of the follow- 
ing daily time periodsi 

1 0000 thru 2100 (all day) 
2 0600 thru 1800 (daylight hours) 
3 0600 thru 0900 (peak traffic hours) 
k 0900 thru 1500 (major working hours) 
5 I500 thru 1800 (afternoon traffic hours) 
6 1800 thru 2100 (nightly inversion forma- 

tion) 
7 2100 thru 0600 (overnight hours). 

Only the specific meteorological conditions and 
emission rates will be used within e&ch of the 
foregoing time periods of Interest. 

The ability of the Long-Term Dispersion 
Program to utilize the diurnal patterns"of both 
meterology and emissions is another unique feature 
of AQAH.    An annual or monthly average can be 
made using time periods 3 thru 7.    An average 
formed in this manner should give results con- 
siderably closer to reality than one using daily 
average emissions and meteorological conditions. 
For example consider the fact that ambient con- 
centrations (X) result in the atmosphere by the 
dispersion of emissions   (Q).    Therefore, 

f(Q) (1) 

The atmosphere's dispersive ability is represented 
by the function "f," Since both "Q" and "f" are 
strongly dependent on the time of day, the re- 
sulting mean concentration (x*) for a dally period 
Is more accurately calculated fayi 

«per day"? jJUj! + ^^ +  "'W W 

Rather than the commonly used method of 1 

z 7 (Q) Aper day - ^per day       per day (3) 

WllfrtiltHI 
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Fig, 3 Meteorological data program schematic 

The accuracy improvements by using this 
technique have not yet b?en quantified* Argonne 
National laboratory Is presently investigating 
this difference using AQAM. They are comparing 
long-term air quality predictions in the Chicago 
area using the five daily time periods to thoiie 
made using single dally means of emissions and 
meteorological conditions. The results will then 
be compared to actual air quality data. 

The output of the Long-Term Dispersion 
Program is in exactly the same format as for the 
Short-Terra Program, Isopleth contours (equal 
pollution lines) of the Lonj-Term results ara 
especially significant because winds from all 
directions have been considered. The resulting 
isopleths often have considerably different 
patterns than those of a wind rose. This is due 
to the effects of different atmospheric stabili- 
ties and wind speeds on the dispersion of pollu- 
tion sources which are elevated above ground 
lavsl. 

'Miri-aMMiirWirrifir-r rn '&S^*Sä*-Xiititl&.;!: .d^i^^^i^Vi^fli^ViW 



ii "    ■iiriin 
-.■■y^rct-.-7^''r:." -yv^'--1--.:^ "' ^ ; 

METEOnoiOOirAL DATA PROOHAM NEPKnENCES 

To eupply cllmatological Information re- 
quired by the Long-Term Dleperslon Program, a 
computer tape of meteorological data must be 
compiled specifically for each location of 
Interest,    These tapes are compiled from data 
which Is stored at the national Climatic Center, 
National Oceanic and Atmospheric Administration 
(NOAA), Ashevllle,  North Carolina,    Past records 
of periods between 5 and 20 years are typically 
available.    The Meteoroloplcal Data Program 
described In this section le being operated for 
Air Force agencies by the USAF Environmental 
Technical Applications Center (ETAC), Washington, 
DC. 

Information Is structured to first give the 
average annual conditions as follows: 

Average 
Average 
deg P) 
Average 
Average 
Average 
Average 
(deg P) 
Average 

temperature (deg F) 
number of degree days (days < 

pressure (millibars) 
pressure altitude (100 ft) 
wind speed   (m/seo) 
dally temperature variation 

afternoon maximum depth (m). 

Data is then categorized Into dally time 
intervals of j    0000 thru 24-00,  0600 thru l800, 
0600 thru 0900, 0900 thru 1500, I5OO thru 18CO, 
1800 thru 2100, 2100 thru 0600.    Within each of 
these time periods, data Is stratified according 
to the following scheme in Pig. 3.    The widely 
used Martln-Tlkvart frequency distributions  (10) 
compute average mixing depths over the entire 
period.    Greater accuracy should be obtained 
by using this array which varies mixing depth as 
a function of wind speed, stability, diurnal 
time period, and month.    The degree of this ac- 
curacy Improvement is currently being studied in 
a sensitivity analysis of the model. 
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